INTRODUCTION
G laucoma is a common eye disease characterized by the progressive degeneration of retinal ganglion cells and optic nerve axons, for which, intraocular pressure (IOP) is the primary modifiable risk factor [1] . Meanwhile, glaucoma is considered to be the most common disease leading to irreversible blindness worldwide [2] . In 2013, the glaucoma patients in the elderly population (aged 40-80y) worldwide was estimated to be 64.3 million, which will increase to 76.0 million in 2020 and 111.8 million in 2040 [3] . According to the anatomical features, glaucoma is mainly subdivided into two major forms: primary open angle glaucoma (POAG) and primary angle-closure glaucoma (PACG). The prevalence of POAG is highest in Africa while most PACG cases are in Asia [4] [5] , especially in China [6] . Epidemiological studies have found that PACG is the most common cause of bilateral glaucoma blindness worldwide [7] . Glaucoma is a multifactorial disease, genetic factors take an important part in its pathogenesis [1] , many disease-causing mutations and multiple susceptibility loci have been found to be associated with various forms of glaucoma. What's interesting is some genetic risks are shared for the two main types of glaucoma PACG and POAG, for example polymorphisms within the ARHGEF12 and GAS7 gene are found to be associated with both POAG and PACG [8] . Since MYOC is preferentially expressed in trabecular meshwork (TM) [9] , which is thought to affect the outflow of aqueous humor resulting in elevation of IOP [10] , while ABCA1 has been proved to be associated with POAG and IOP by GWAS [11] , in addition, mutations in MYOC gene as well as variants near ABCA1 gene have been confirmed to be associated with POAG [12] [13] [14] [15] . In view of this, this study aimed to investigate whether the POAG related genes MYOC and ABCA1 are associated with PACG in a northern Chinese cohort. Meanwhile, the associations between these single nucleotide polymorphisms (SNPs) and anterior chamber depth (ACD) and axial length (AL) were also evaluated.
SUBJECTS AND METHODS Ethical Approval
The present study was approved by the Ethics Committee of Ningxia People's Hospital and its implementation process strictly complied with the standards of the Declaration of Helsinki. Each participant was informed in detail of the purpose of the study and signed a written informed consent prior to the study. Subjects It consisted of 500 PACG cases and 720 unrelated control subjects recruited from Ningxia Eye Hospital from the northern regions of China. The detailed ophthalmic examinations for every participant as well as the inclusion and exclusion criteria were identical to our previous study [16] . DNA Extraction Peripheral venous blood was drawn from all subjects, genomic DNA was extracted utilizing the Simgen DNA Blood Mini Kit (Simgen, Hangzhou, China) according to the manufacturer's protocol. The extracted DNA was eluted in TE buffer (10 mmol/L Tris-HCl, 0.5 mmol/L EDTA, pH 9.0) and was measured for the A260/A280 optical density by Nanodrop2000. DNA was then stored at -80° until use. Single Nucleotide Polymorphism Selection and Genotyping Drew on the experiences of previous studies [17] [18] , eleven 
RESULTS
We enrolled 500 PACG patients and 720 control subjects in this study. The general demographic characteristics of the participants are listed in Table 1 . The control subjects were significantly older and included less women than the case group. All eleven SNPs conformed to the Hardy-Weinburg equilibrium (HWE; P>0.05; Table 2 ), in which, rs183532 in MYOC was nominally associated with PACG under the allelic model as well as the dominant genetic model (P=0.025, 0.029, respectively; Tables 2 and 3 ). The frequency of the minor T allele of rs183532 was less in the PACG group than in the control group. In addition, rs235875 in MYOC was also nominally associated with PACG under the recessive genetic model with a P-value of 0.032. The frequency of the TT genotype of rs235875 was higher in PACG group than in the control group (Table 3) . However, none of these SNPs remained significant after Bonferroni correction. In LD analysis, three LD blocks were identified in strong linkage disequilibrium ( Figure 1 ). A haplotype TTC in MYOC (including rs12076134, rs183532, rs235875) was found to be significantly different between the two groups (P=0.018), but the significance was lost after 10000 permutations (P=0.157; Table 4 ). There were no differences between the two groups in the distribution of genotype and allele frequencies for the remaining 9 SNPs. Furthermore, no association between the eleven SNP genotypes and the ocular biometric parameters of AL and ACD was found using generalized estimation equation tests (Table 5) . Due to the differences of the minor allele frequencies (MAF), the power varies between the eleven SNPs. Therefore, assuming an allelic odds ratio (OR) of 1.5, our sample size provides more than 98% of statistical power to detect a significant association at an α level of 0.05. DISCUSSION The present study evaluated the association of two POAG related genes MYOC and ABCA1 with PACG in a northern China cohort and found rs183532 and rs235875 as well as a haplotype TTC in MYOC were nominally associated with PACG, moreover, there was no correlation between ABCA1 and PACG. Glaucoma is a multifactorial disease, genetic factors have been found to be significant for its progression [1] . Studies have shown that PACG partly shared the genetic risks with POAG [8] . MYOC is the first and the most significant gene found to be associated with POAG [9] [10] . About 3% to 5% of adult POAG cases worldwide are caused by MYOC [19] [20] [21] [22] [23] . MYOC is preferentially expressed in the anterior segment of eye, especially in the TM [13, 24] . Transgenic mouse models of POAG indicated mutant MYOC accumulated in the endoplasmic reticulum of TM, thereby inducing endoplasmic reticulum stress in TM, which was found to be associated with TM cell death and elevation of IOP [25] [26] . The mechanism of action of MYOC working in POAG is still being researched deeply, since PACG and POAG share the same basic characteristics: elevated IOP and progressive degeneration of retinal ganglion cells and optic nerve axons [1] . Whether or not MYOC is associated with PACG is also worth exploring. Faucher et al [27] founded a mutation in MYOC was associated with PACG in the Quebec population. The association between MYOC gene mutation and PACG was also reported in Chinese population [28] [29] . Even so, there are also some studies that did not support the association between MYOC mutation and PACG [30] [31] . Hence. The relationship of MYOC gene variants with PACG is still unclear. In 2015, Jin et al [17] identified rs183532 in MYOC was associated with PACG in samples from south of China. The OR value of the A allele of rs183532 in their study was 1.541. In present study, we found rs183532 and rs235875 as well as a haplotype TTC in MYOC were nominally associated with PACG (uncorrected P=0.025, 0.032, 0.018; OR=0.781, 1.595, 0.77, respectively). The OR value of the two SNPs were in line with the haplotype, but contrary to previous Jin et al's [17] finding. The explanation for this consequence is that our finding did not survive multiple testing corrections and may represent a false positive result. In addition, in view of the fact that Jin et al's [17] study is relatively small sample size (212 patients and 255 controls), hence, the relationship between MYOC and PACG still need further study. A total of 10 000 permutations were performed. ABCA1 gene encodes a membrane protein that is a major regulator of cellular cholesterol and phospholipid homeostasis [32] . It is expressed in many ocular tissues especially in the ganglion cell layer of retina [11] . Recent GWAS have indicated that genetic variants near ABCA1 gene were significantly associated with POAG [11] [12] . Variants near ABCA1 gene were also associated with IOP in normal populations [15] . Previous studies using the DBA/2J glaucoma mouse model identified ABCA1 was related to ganglion cell death [33] . Degeneration of retinal ganglion cells is a common sign of both PACG and POAG [1] . It also prompts us for the possible association between ABCA1 and PACG. However, Luo et al [18] evaluated the correlation between ABCA1 and PACG in a Chinese population and did not find a certain association between them, although they found two haplotypes in ABCA1 were associated with PACG/PAC. In present study, the association between ABCA1 and PACG has not been confirmed, thus, further research is necessary to validate the role of ABCA1 in the progress of PACG. Moreover, seeing that shallow ACD and short AL have been reported to be strong risk factors for PACG [34] [35] [36] , the associations between these eleven SNP genotypes and the ocular biometric parameters of AL and ACD were also evaluated in our study. We found that none of the target SNPs showed significant association with ocular biometric parameters of AL and ACD. Our result suggests these POAG related genes MYOC and ABCA1 do not have a role in the regulation of ocular biometric parameters of AL and ACD. The limitation of the study is also obvious. The SNPs were chosen on the experiences of previous studies, which may not represent the gene completely in our cohort. Therefore, further study utilizing the tagger program based on our cohort should be done in the future.
In conclusion, our study investigated the association of two POAG related genes MYOC and ABCA1 with PACG as well as ocular biometric parameters of AL and ACD in a northern Chinese cohort. Our result suggests these POAG related genes MYOC and ABCA1 do not play a part in the pathogenesis of PACG as well as the regulation of ocular biometric parameters of AL and ACD. Additional studies are necessary to confirm this conclusion.
